Four replicates of 12 Dekalb crossbred gilts were blocked by breeding dates and randomly allotted to four treatments: tethers, crates, loose stalls and dirtlot. Ear vein cannulas were established and blood samples obtained from each gilt on d 2, 9 and 65 of treatment. Blood cell counts, blood chemistry profile (12 items), triiodothyronine (T3), thyroxine (T4), basal cortisol and cortisol in response to administration of adrenocorticotrophic hormone (CR-ACTH) were determined. Tethered gilts had depressed CR-ACTH at d 2, probably related to their active struggles against the tethers during the initial period following restraint. Triiodotbyronine was greatest in gilts housed loose with access to stalls, probably reflecting the fighting that often occurred among those gilts, and was lowest in gilts on dirtlot on d 2. Glutamic pyruvate transaminase was elevated in gilts on dirtlot at d 9 and 65, probably a result of their increased exercise. Behaviors indicative of "restlessness" were negatively correlated with CR-ACTH at d 9 and 65. Gilts were initially stressed when restrained in tethers, but their CR-ACTH became equivalent to that of gilts in other housing by 9 d. Housing had no effect on production.
Introduction
Temperament of the sow and her reactions to stressors inherent in intense swine production may influence fetal development by changing fetal hormone balance and(or) interfering with maternal-fetal vascular nutrient and gaseous exchange (Stanton and Carroll, 1974 Received December 28, 1987 . Accepted May 20, 1988 environmental temperatures most adversely affects embryonic survival in swine (Tompkins et al., 1967; Edwards et al., 1968; Omtvedt et al., 1971) , exposure to psychological stressors during this period also could affect embryonic survival. Certain methods of housing gestating swine also have been criticized as being inhumane. Objectives of this study were to assess relative differences in certain acute and chronic physiological characteristics that traditionally have been used to assess stress and welfare in gestating gilts maintained in different housing treatments. This is part of a series of studies (Taylor and Friend, 1987; Taylor et al., 1988) that make up a multidisciplinary evaluation of common methods of managing gestating gilts.
Materials and Methods
Twelve Dekalb crossbred gilts were blocked by breeding date and randomly assigned in groups of three to each of four treatments: crates, tethers, loose stalls and dirtlot, in each 2906 j. Anita. Sci. 66:2906-2915 of four replications (48 gilts total). Gilts (6 to 7 mo old) were estrous-synchronized via use of the transport phenomenon (Zimmerman, 1976) . They were maintained in groups of four to five gilts in 3-m x 4-m pens connected to a 3-m x 2.5-m outside concrete floor area for 1 to 2 wk prior to breeding. All gilts were bred by a boar at least twice at 12-h intervals during estrus, with the last breeding not more than 24 h after other members of the treatment group. Each block of three gilts was moved simultaneously into its respective treatment (d 0) as soon as they were bred. Each replication consisted of all four treatment groups. Replications were initiated in February, June and October of 1982 and in April of 1983; the order in which treatments were initiated was rotated with each replication.
Crates were constructed of steel bars and were .6 m wide • 1.7 m long. Tethers were collars attached to 50.8-cm chains bolted to a solid concrete floor. Tethered gilts could maintain contact through steel bar partitions that formed stalls .6-m wide. The .6-m • 1.7-m loose stalls opened into a concrete slatted floor dunging area (.7 m x 1.7 m) that contained a nipple water valve and was shared by three stalls. Dirtlot was 15.2 m x 30.5 m with a twosided shed containing three feeding stalls and a den area. The stalls and partitions were identical to those in the other treatments. The den area was 2.9 • 1.9 m. Crates, tethers and loose stalls were located in the same open-sided building. Except for the north side of the building being closed several days per year during extreme cold weather, and for the lack of direct sunlight, all treatments had approximately the same environmental conditions, including photoperiod.
Water was available ad libitum via a nipple valve in all treatments. Each gilt was fed 2.3 kg of a standard gestation diet per day. Gilts remained in their treatments except when removed for a weekly open-field test that involved releasing the gilts into a 3-m x 12-m portable pen for 5 min. Data collected included numbers of bouts and time spent chewing, grazing, snout employment (rooting, nudging and sniffing), vocalizing, standing, walking, 7 Venocath-16, Abbott Laboratories, North Chicago, IL.
SSMA 12-60 Auto Analyzer, Technicon, Tarrytown, NY. trotting, running, bucking and distance traveled. These results were reported by Taylor and Friend (1987) .
Cannulation. On d 2, 9 and 65, an ear vein cannula was established in each gilt 1.5 h prior to blood sampling using vinyl tubing (28 cm long, 18 g) passed through a 16-g thinwall needle 7. The crated, tethered and loose-stalled gilts were restrained by a snout rope during cannulation in the slatted floor dunging area immediately behind their stalls. The gilts on dirtlot were cannulated in the den area, adjacent to the feeding stalls. All gilts were allowed to stand for approximately 30 s to 1 min after the snout rope was secured to enable them to adjust behaviorally to the restraint. Gilts were considered to have "adjusted" to the restraint when they ceased to actively resist; shaking their heads, pulling against the rope or "distress" vocalizations were interpreted as active resistance. A stub-adapter was inserted in the tubing and attached to the ear by one suture.
Postmortem studies of sows of similar size found that such cannulas extended 10 to 15 cm into the jugular vein. All gilts were returned to their treatments after cannulation, except for the gilts on dirtlot, which were kept in their feeding stalls for the duration of sampling.
Preliminary Trials. Because 5 to 10 min of restraint and cannulation can be assumed to constitute acute stressors, two preliminary trials using bred sows on dirtlots were conducted to estimate the acute effects of the cannulation procedure used in this study. Blood samples were drawn immediately after establishment of a cannula. Snout ropes then were removed and sows were confined in their feeding stalls for the next 6 h. Cortisol concentrations were determined in serial blood samples drawn at 30-min intervals from three bred sows in Trial I and at 15-min intervals from two sows in Trial II.
Blood Sampling. Blood sampling commenced at approximately 1000 -+ 10 min. A 30-ml basal blood sample was divided into three aliquots. A complete blood cell count (CBC) with a differential count was performed within 4 h on one aliquot of blood. A second fraction of plasma (with 2 mg of Na2EDTA/ml) was analyzed for blood chemistry profile (serum protein, albumin, glucose, blood urea-N, Ca, inorganic P, creatinine, total bilirubin, alkaline phosphatase, creatine kinase, lactate dehydrogenase, glutamic pyruvate transaminase and glutamic oxaloacetate transaminase) s. The third fraction, along with 2 mg of Na2EDTA/ml, was immediately placed in an ice bath and centrifuged within 5 h; plasma was frozen until assayed for triiodothyronine (Ts), thyroxine (T4) and cortisol.
Immediately after collection of the basal blood sample, each gilt was given 2.5 IU adrenocorticotropic hormone 9 (ACTH)/kg BW "75 via the cannula, which then was flushed with saline. Blood samples (10 ml with 20 mg EDTA) then were collected at .5, 1.0, 1.5, 2.0, 2.75 and 4 h post-ACTH administration for cortisol determination. Adrenal response (AR) was determined by integrating the area under the curve described by the cortisol values from 0 to 4 h using the method of Friend et al. (1985) .
Hormone Determinations. Plasma samples were blocked by treatments and trial and distributed across assays. Triiodothyronine and Ta determinations were made on duplicate sampies using double antibody kits 1~ Crossreactivity of the T 3 antibody u was less than .1% for all steroids except L-thyroxine (.2%), with a minimal sensitivity of 20 ng/dl. Crossreactivity of the Ta antibody tl was less than .1% for all steroids except desamino-thyroxine (7.7%), tetraiodo-thyroacetic acid (2.1%) and triiodo-L-thyronine (.5%), with a minimal sensitivity of .5 /ag/dl. Samples were reanalyzed if differences in counts between duplicates exceeded 10%.
Cortisol concentration was determined on duplicate samples using a modification of the procedure by Abraham et al. (1972) as described by Friend et al. (1985) for total cortisol. Crossreaczivity of the antibody 12 was less than .1% for all steroids except 21-desoxycortisol (70%), corticosterone (30%), lldesoxycortisol (30%) and desoxycorticosterone (5%) 13. lntraassay and interassay CV were 7.8 and 11.2%, respectively, for 115 ng/ml cortisol standards.
Farrowing Management. On d 109 postcoitus, gilts were moved to individual 2.3-m 2 concrete-floor pens in an unheated metal building. Interior pens contained a .6-m-wide creep area along one side and were connected via 9 Porcine, Sigma Chemical Co., St. Louis, MO. 1~ Pantex, Santa Monica, CA. 11 Developed in sheep, analysis by Pantex. 12 Batch Op-13 developed in sheep. Pantex. la Analysis by Pantex. doorways to outside 2.3-m • 2-m pens. Creep areas were supplied with heat lamps prior to birth of the first piglet. Hay bedding was provided and replenished as necessary. Gilts were fed 2.3 kg of a standard gestation ration per day prior to farrowing and 6.8 kg following farrowing. If an observer was not present when a gilt initiated farrowing to accurately determine number of live piglets born, farrowing data from that sow were not used.
Statistical Analysis. Physiological data were analyzed for treatment effects at each time period (d 2, 9 and 65) using ANOVA with housing treatment, replication and their interaction included in the model. Duncan's procedure was used to identify treatment effects in the absence of significant treatment • replication interactions.
Pearson correlation coefficients were calculated on variables that exhibited treatment effects to identify relationships between physiological variables measured and open-field test behavior (Taylor and Friend, 1987) and in situ behavioral data (Taylor et al., 1988) obtained from these gilts. In situ behavior was time-lapse video-recorded for 48-h observation periods commencing on d 0, 7 and 63. An infrared light source, not visible to humans, was used to provide supplemental lighting for night video-taping.
R esu Its and D iscussion
Preliminary Trials. Sows were restrained for approximately 6 to 8 min before the initial blood sample was withdrawn. The stub adapter then was secured to the sow's ear and the snout rope removed. Cortisol concentrations are shown in Figure 1 . Though sows apparently reestablished normal circulating concentrations of cortisol (Becker et al., 1985) within 1 h of cannulation using snout rope restraint, there could be longer-term effects. However, all animals in this study were subjected to the same restraint and cannulation procedure.
A higla degree of individual variation in basal corfisol and the possibility of increased cortisol clearance accompanying increased production, as observed in stress-susceptible swine (Marple and Cassens, 1973) Figure 1 . Plasma cortisol concentrations immediately after cannulation using snout rope restraint. Blood samples were drawn from three sows at 30-min intervals in Trial I and from two sows at 15-rain intervals in Trial I1.
diate behavioral responses to being placed on treatment. Casual observation indicated that fighting occasionally erupted in loose-staUed groups, which placed the lower-ranking sows in a stressful situation because they could not effectively avoid or escape aggressive behaviors of more dominant individuals. Tethered gilts usually struggled actively against the tethers and vocalized for up to several hours following restraint, a reaction that was observed in other studies (e.g., Hansen and Vestergaard, 1984) . Animal numbers ranged from 9 to 12 for each treatment as a result of failure to establish or maintain functional cannulas in all individuals.
Failure of basal cortisol concentrations (Table 1) to show a corresponding change, as in previous studies with swine (Rampacek et al., 1979) and cattle (Friend et al., 1977 (Friend et al., , 1979 (Friend et al., , 1985 Phillips et al., 1982) , may be due to increased clearance accompanying increased production, as observed in stress-susceptible swine (Marple and Cassens, 1973) .
Cortisol response to ACTH administration (CR-ACTH) was less in tethered gilts after 2 d, but was not different after 9 and 65 d on treatment (Table 1 ). An increased CR-ACTH usually is found when animals are under chronic stress for more than 48 h (e.g., Friend et al., 1979 Friend et al., , 1985 Dantzer et al., 1983) . The lower response in tethered gilts was probably due to a temporary depletion of stored cortisol and(or) its precursors normally present in the adrenal cortex.
Depletion of stored glucocorticoids is consistent with the "alarm" stage of the General Adaptation Syndrome (Selye, 1973) , in which the initial discharge of stored glucocorticoids is followed by depletion. If the stressor persists, the adrenal undergoes varying amounts of hyperplasia and hypertrophy, resulting in increased stored glucocorticoids; this is a characteristic of the stage of "resistance."
A lowered CR-ACTH also is consistent with Becker et al. (1985) , who found the circadian rhythm of cortisol to be disrupted for the first 4 d after ovariectomized gilts were placed in girth tethers. However, at 18 and 46 d on treatment, Barnett et al. (1985) found that necktethered sows had a lower corticosteroid response to transport, a stressor that should have an effect similar to administration of ACTH, than sows housed individually in stalls, as a group indoors or as a group in a paddock. Their tethered sows also had higher basal corticosteroid concentrations and a disrupted diurnal rhythm of corticosteroid concentrations at 18 and 46 d. Barnett et aI. (1985) concluded that a chronic stress response and a significant metabolic cost resulted from housing pigs in tethers. Informal observations by the authors indicate that European sows tend to be more hyperactive and show more resistance to being tethered than genetic strains used in the U.S., though objective data are not available.
The relatively high CR-ACTH for dirtlot gilts may reflect increased physical activity and psychological stimulation associated with exploring and adjusting to their new environment. In unpublished data from our laboratory, calves had increased CR-ACTH after they were turned out into a larger group of calves. The pattern of CR-ACTH in gilts was almost identical across treatments by 9 and 65 d (Figure 2) .
Treatment effects were found for T 3 only at 2 d on treatment (Table 1) . Dirtlot gilts had a lower concentration of T 3 than loose-stalled gilts. Loose stalls afforded sows more "maneuvering and interacting room" than tethers or crates, but fighting often occurred among loosestalled gilts, and the loser had little opportunity to retreat and avoid the aggressive gilt. Exposure of sheep to restraint, exploding fireworks or the sound of a barking dog greatly increase T3 and T4 secretion (Falconer and lletzel, 1964) . The patterns observed in T3 at 2 d are difficult to explain in relation to cortisol. Although complete function of T3 in chronically stressed animals has yet to be elucidated, excess T3 evokes adrenal enlargement and accelerates plasma cortisol clearance (Christy, 1978) . Triiodothyronine closely paralleled CR-ACTH and increased 83% in chronically confined calves (Friend et al., 1985) .
Thyroxine concentrations were not influenced by treatments (Table 1) . Because T3 is the active hormone and Ta is considered a prohormone (Bernal and Refetoff, 1977) , it was suspected that a shift in the relative concentrations might occur. Treatment differences in the ratio of T3:T4, however, were not significant (P > .10).
Red and white blood cell counts, percentages of neutrophils, monocytes and packed cell volume were not influenced by treatments. Percentage of lymphocytes was the only blood cell data affected (Table 2) , and then only at d65.
Serum chemistry profiles were determined to serve as a possible basis for new hypotheses. Serum chemistry profiles are used commonly in clinical pathology after disease has advanced to the state that an animal is showing overt symptoms. At the time of blood sampling, all gilts in this study appeared healthy, and their serum chemistry profiles were within ranges considered normal. Chronic stress in swine has been associated with elevated concentrations of plasma protein and glucose and decreased urea (Barnett etal., 1983 (Barnett etal., , 1985 ; no treatment effects were found for these variables in our study. Though only marginally significant at 2 d on treatment (Table 2) , the trend in Ca closely paralleled that observed in calves maintained in varying degrees of confinement (Friend etal., 1985) and may prove to be an important relationship due to the role of Ca in muscle and nerve cell physiology.
Increases. in certain serum enzyme concentrations usually are associated with necrosis of cells, which in turn may be related to changes observed in animals under stress. Creatine kinase and lactate dehydrogenase increased following exercise and heat stress in miniswine (Bloor etal., 1978) or following handling and transport of hogs prior to slaughter (Moss and McMurray, 1979) . The treatment effects on creatinine in this study are difficult to inter- pret because creatinine is influenced less by catabolic factors than is blood urea-N (Coles, 1980) , which was not influenced by our treatments (P > .10). The higher concentrations of glutamic pyruvate transaminase (GPT) found in gilts on dirtlot at d 9 and 65 may reflect their ability to exercise more than gilts in the other treatments. However, because there were no supporting trends in the other serum enzyme concentrations, this change should be viewed with caution. Percentage of lymphocytes was not correlated with GPT, indicating that infection or trauma probably was not involved. The initial resistance of gilts to tethers probably resulted in depressed CR-ACTH at 2 d on treatment. This initial stress reaction occurred during the period critical to successful implantation of the ovum, and, as hypothesized by Stanton and Carroll (1974) , could result in decreased embryo survival or development. However, though not statistically significant, the tethered gilts in our study had the largest litters. Dirtlot gilts had the opportunity for greatly increased physical activity and were exposed to a greater variety of sensory stimulation, especially as they initially explored their new environment, which may have contributed to their relatively high CR-ACTH and low T3.
Correlation Between Bebavior and Physiology. Cortisol in response to ACTH (CR-ACTH) was correlated with more in situ behaviors than any other physiological characteristic (Table 3) . A general trend is apparent across days on treatment, in which gilts with the greatest CR-ACTH had fewer bouts and(or) position changes while lying and(or) were up (includes time standing, walking and any other activity conducted while up) for longer periods of time. Though gilts with greater CR-ACTH appeared to be more sedate, based on subjective observations of the animals in situ (i.e., longer times in one position), the correlations between their in situ behavior and CR-ACTH suggests that their overt behavior could reflect a condition of learned helplessness, rather than adjustment to chronic close restraint. Taylor and Friend (1987) reported that gilts Taylor et al. (1988) . Only Pearson correlation coefficients with P < .10 are presented with significance levels.
bup: body is supported by the fore and hindfeet; includes standing and locomotion where possible. a'b'CMeans in the same row without a common superscript differ, ANOVA (P < .001) followed by Duncan's procedure (P < .05). Rows without superscripts had a significance level of P > .10.
with the least amount of maneuvering and interacting room performed more standing and walking bouts and snout employment activities over the gestation period in weekly open-field tests. There were no significant correlations between the open-field test behaviors (Taylor and Friend, 1987) and physiological characters in this study.
Farrowing Data. Caution should be exercised in interpreting the farrowing data (Table 4) due to relatively small sample sizes and the high individual variation characteristic of these data. Dirtlot gilts weaned heavier pigs than gilts in the other treatments, although total kilograms of piglets weaned did not differ among treatments.
